Purpose: To explore whether adjuvant treatment options may impact on the prognosis in localized endometrial stromal sarcomas (ESSs; stages I and II). The historical options usually discussed in addition to hysterectomy and bilateral salpingoophorectomy (BSO) are active surveillance, pelvic radiotherapy, chemotherapy and hormonal therapy, alone or in combination.
introduction
Endometrial stromal sarcomas (ESSs) are rare uterine malignancies that account for <0.5% of all malignant uterine tumors and for 7% to 17% of uterine sarcomas [1, 2] . ESS develops in the mesenchymal stroma of the endometrium and belong to the endometrial stromal tumors group, classified by the World Health Organization (WHO) (2003) as follows: endometrial stromal nodules (the benign lesion), ESSs (previously referred as low-grade ESSs) and undifferentiated uterine sarcomas (UUSs) (previously referred as high-grade ESSs) [2] [3] [4] . The histologic classification is on the basis oftumor differentiation and similarity with endometrial stroma. The other major histologic criteria are the intensity of the nuclear atypia, mitotic count and tumor cell necrosis [2, 3, 5] . Whereas UUSs tumors exhibit highly aggressive features, ESSs are characterized by their indolent evolution and their hormonosensitivity. Surgery combining total abdominal hysterectomy and bilateral salpingooophorectomy (BSO) is the cornerstone of treatment of localized ESS (stages I-II). However, some authors observed similar recurrence rates in women with and without BSO, creating controversies about leaving ovaries in situ, especially in young premenopausal women [6] [7] [8] . ESSs often express a high level of estrogen and/or progesterone receptors and are reported to respond to hormonal therapy [8, 9] . Given the rarity of the disease, the impact of firstly surgical castration and secondly adjuvant treatment modalities, including hormonal therapy, chemotherapy and radiotherapy, need to be assessed further, especially for patients with stages I-II disease, where recurrence rates range between 18% and 45% [10] [11] [12] .
Currently, there is no standard approach for the management of patients with localized stage. Some authors recommend adjuvant treatments and others prefer ovariansparing surgery without adjuvant therapy [11, 13] . The historical options usually discussed in addition to hysterectomy and BSO are active surveillance, pelvic radiotherapy, brachytherapy, chemotherapy and hormonal therapy, alone or in combination.
Reasons for heterogeneous treatments were related to the lack of a consensus about the optimal adjuvant treatment and the evolution of treatments during the last 30 years. In routine practice, there are no clear indications for adjuvant chemotherapy or hormonal therapy in ESS. Since 1984, adjuvant radiation has been reported to reduce the incidence of local recurrences [14] . Objective responses to hormonal therapy in the metastatic setting, particularly with megestrol acetate, have been reported since 1982 [15] . The efficacy of antiaromatase inhibitors was first described in 2001 [9] . In the present study, we retrospectively analyzed the records of 54 ESS patients with stages I-II disease and explored the impact of surgical/medical treatment modalities in a single institution.
patients and methods

patient population
We conducted a retrospective chart review through the Institut Gustave Roussy tumor registry for ESS cases treated in our institution from 1 January 1977 to 31 December 2007. Eighty-four patients with a pathological diagnosis of ESS were identified at our institution. As a referral center for sarcomas, patients were referred after initial primary surgery or at relapse.
Demographic information, pathology, risk factors, the surgical procedure, postoperative treatment, time to recurrence and the site of local recurrences and/or metastases were extracted from the medical records. When necessary, follow-up was ensured by personally contacting the patients, the patients' families or family physicians. Pathology slides were centrally reviewed by two pathologists who were unaware of the clinical outcome, for the WHO Classification and for the expression of estrogen and progesterone receptors. Clinical staging of disease was carried out using the International Federation of Gynecology and Obstetrics (FIGO) staging classification: stage I, sarcoma confined to the uterine corpus; stage II, sarcoma confined to the corpus and cervix; stage III, sarcoma confined to the pelvis and stage IV, extra-pelvic disease. 
statistical methods
Statistical analysis was carried out with SAS 9.1 software. Association between factors was assessed by chi-square tests or Fisher's exact test. Median follow-up was estimated using the Schemper's method. Overall survival (OS) was defined as the interval between the diagnosis of ESS and death resulting from any cause. Recurrence-free survival (RFS) was defined as the interval between the diagnosis of ESS and recurrence or death from any cause. The OS and RFS were estimated using the Kaplan-Meier method. The duration of local control was measured as the interval between the diagnosis and local or locoregional recurrence, a competing event, or the most recent follow-up. Competing events included distant recurrence and death before local failure. The duration of distant control was defined as the interval between the diagnosis and distance recurrence. To determine the independent prognostic significance of factors survivals, multivariate analysis was conducted using the Cox proportional hazards regression method.
results
patient characteristics
Among 84 women identified with ESS, 54 with stages I-II disease were eligible for the study. Forty-eight patients had stage I and six patients had stage II disease. The median age of patients was 47 years (range 25-73 years). Forty-one (76%) of the 54 patients were premenopausal. Tumors were typically discovered incidentally after a resection for uterine fibromas (50%), during exploration of non-specific menometrorrhagia (39%) and/or abdominal pain (11%). Positive estrogen and/or progesterone receptors were detected in all tested specimens.
primary treatment
Forty-eight patients (89%) had undergone total abdominal hysterectomy with a BSO, and six patients (11%) had undergone a total abdominal hysterectomy without BSO. Two patients had positive microscopic surgical margins. None of the four patients who had undergone a pelvic lymphadenectomy had positive pelvic lymph nodes. Patient characteristics are detailed in Table 1 .
Adjuvant treatment options used were hormonal therapy or pelvic radiotherapy with/without brachytherapy. The characteristics of these patients according to the adjuvant treatment realized are reported in Table 2 . Age was the only significant factor associated with the administration of adjuvant therapy (Table 2) . Among the 54 patients, 30 had undergone surgery alone without adjuvant treatments, 14 patients had received brachytherapy and/or pelvic radiotherapy and 10 patients had received hormonal therapy (Table 3) . Among the five patients who had not undergone BSO, three were premenopausal and two were menopausal women and had started hormonal replacement treatment (HRT) after surgery. Four of 30 patients who had undergone a surgery alone had received HRT. Among these patients, two menopausal women had undergone a hysterectomy without BSO and two premenopausal patients had undergone a hysterectomy with BSO. There were no grades III and IV toxic effects related to radiotherapy.
recurrence and survival
With a median follow-up of 58 months (range 3-348 months), 13 patients (24%) had relapsed and only 1 patient had died within 24 months from metastatic disease. The 5-and 10-year RFS rates were 73% and 62%, respectively (Figure 1) . Currently, 47 of the 54 (87%) patients show no evidence of disease and 6 patients (13%) are alive with evidence of disease. As a result, at 5 and 10 years, OS was 98%.
None of the patients (0/23) who had received adjuvant treatment had relapsed in contrast to 13 of 31 patients who had not received adjuvant treatments (Figure 2) . A univariate analysis of prognostic factors for RFS was carried out for the following variables: age, FIGO stage, menopausal status, myometrial invasion, adjuvant treatment, BSO and a surgical microscopic residue (Table 4 ). Factors associated with poor prognosis in univariate analysis were age £45 (P = 0.02), myometrial invasion ‡1/2 (P = 0.04), no BSO (P = 0.01) and no adjuvant treatment (P = 0.001). In the multivariate analysis, the factors associated with a poor prognosis were no adjuvant treatment (P = 0.001), myometrial invasion (P = 0.005) and surgery without BSO (P = 0.005). 
pattern of recurrences
The sites of the first recurrence among the 13 patients who had relapsed were pelvis alone (n = 6), lung alone (n = 1) and pelvic 6 extra-pelvic sites (n = 6). Extra-pelvic sites were peritoneum (n = 3), retroperitoneum (n = 1), muscle (n = 1) and lung (n = 1). Of note, the six patients who had relapsed >4 years after surgery had pelvic and extra-pelvic relapses. In contrast, recurrences that had occurred during the 4 years following initial surgery were pelvic alone.
discussion
To our knowledge, this is one of the largest cohorts of localized ESS described to date with a comprehensive review of the clinical course of the disease according to treatment modalities. Our series corroborates the relatively good outcome of patients with localized-stage disease [16, 17] . Among the 54 patients, only 1 patient had died within 24 months. Our analysis confirms the previous finding that the recurrence rate is relatively high. Relapses may occur late during the clinical course of the disease [10, 17] . Five-and 10-year RFS were 73% and 62%, respectively. A local recurrence was observed in the majority of patients (92%), and extra-pelvic metastases were observed in nearly half of patients (46%) who had relapsed, indicating the existence of initial micrometastases outside the uterus and the treated field. Interestingly, all extra-pelvic metastases had occurred in patients who had developed a late recurrence, defined as a relapse after 4 years from the diagnosis.
We must emphasize the impact of adjuvant treatment on the reduction of relapses. No relapses occurred among the 23 patients who had received adjuvant treatment of stages I-II disease. In contrast, relapses occurred in 13 of 30 patients who had not received adjuvant treatment. The multivariate analysis showed that prognostic factors for recurrence in localized disease were no adjuvant treatment, myometrial invasion and surgery without BSO. These results are in accordance with previous reports that indicate that adjuvant radiotherapy could improve local control but not survival [6, 17] . For example, Li el al. [17] showed that the recurrence rates in stage I ESS patients who did or did not receive adjuvant radiotherapy in addition to surgery were 12.5% and 55.6%, respectively. Of note, only 50.9% of patients in that study had undergone BSO in addition to hysterectomy and only 1 of 37 patients (3%) had died. Moreover, it was reported in other studies that the addition of pelvic radiotherapy to surgery not only decreased pelvic recurrences but also increased survival in patients with stages I and II disease [18, 19] . Mansi et al. [20] proposed adjuvant radiotherapy alone after recurrent ESS.
In the current study, the recurrence rates of ESS with limited myometrial invasion and age > 45 years were 19% and 9%, respectively (Table 4 ). In the multivariate analysis, only myometrial invasion and surgery without BSO were found as independent factors for recurrence in addition to adjuvant treatments. The outcome of these cases indicates that adjuvant treatment may not be indicated in patients with limited myometrial invasion because of the excellent survival of patients, even after a recurrence. Deep myometrial invasion was previously reported to be a poor prognostic factor for recurrence [21] . According to our results, five of eight patients with deep myometrial invasion who had not received adjuvant treatments developed local and distant recurrences, while none of the three patients who had received adjuvant treatments had relapsed. It could be hypothesized that this subgroup (with deep myometrial invasion) might benefit from adjuvant treatment.
Hormonal therapy is another modality of adjuvant option for ESS because tumors often express estrogen and/or progesterone receptors [22] . Historically, progestins were the agents most used, but the third generation of aromatase inhibitors were reported to be effective in the metastatic setting and were therefore largely used [9, 23] . Tamoxifen is contraindicated because it exerts a proliferative effect on endometrial stroma [24] . Our study showed that no relapses occurred among the 10 patients who had received adjuvant hormonal therapy. Therefore, it could be inferred that hormonal therapies constitute an alternative to pelvic radiotherapy.
Despite its retrospective and non-randomized nature, our series highlights the impact of adjuvant treatment on the recurrence rate, at least in patients with myometrial invasion, but not on OS. Pelvic radiotherapy with/without brachytherapy or hormonal therapy represents the possible adjuvant therapy options. The high rate of extra-pelvic metastases in localizedstage disease indicates the interest of systemic adjuvant treatment compared with brachytherapy and/or pelvic radiotherapy. Moreover, the high rate of recurrences highlights the importance of closer patient monitoring. However, none of the patients in our series who had received adjuvant radiotherapy relapsed. Therefore, the impact of multimodality treatment should be considered for patients with treatmentnaive and recurrent disease. Finally, no other subject has fueled debate during the last decade as much as the impact of BSO on RFS. Although BSO was not shown to exert an impact on OS in the recent USA population-based analysis, the impact on RFS of ovariansparing procedures in stages I-II disease remains contradictory [16] . Like others, our series revealed a higher frequency of recurrence among women who had not undergone BSO in addition to hysterectomy [17] . Moreover, the two menopausal women who received HRT after surgery recurred. These results are not surprising, as we know the influence of hormones in the physiopathology of the disease and the expression of estrogen and/or progesterone receptors. Considering these results, we believe that surgical castration and adjuvant therapies should be discussed with the patient on an individual basis taking into account age and the extent of myometrial invasion.
This retrospective analysis had several important limitations. It spanned nearly a 30-year period, during which progress has been made in the diagnosis and treatment of ESS. Our study population was shaped by the referral of patients with recurrence. Our findings indicate that ESS have unique clinical, pathological and immunohistochemical features and that may have clinical implications. The good outcome observed indicates that adjuvant treatment should be considered to prevent recurrences since half of them occur at extra-pelvic sites and most require further surgery with adjuvant treatment. We advocate the conduct of international trials to refine treatment modalities for these patients. As adjuvant treatment has no effect on OS, progression-free survival should be used as a primary end point. 
